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Fly’s Eye GLM Simulator

- Multiband radiometer array
- Main array 5 x 5 grid (780 nm)
- 5 alternate spectral bands (swappable)

- First flight in 2017 for GOES-R post 
launch validation

- Served primary mission to provide a 
ground validation dataset for 
Geostationary Lightning Mapper (GLM)

FEGS in 2023
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** Background **

Airborne Lightning Observatory for FEGS and TGFS (ALOFT)

4 instrument suite to measure lightning emission from radio 
frequency to gamma-ray emission

- FEGS – multiband radiometer array (UV to NIR)

- EFCM – electric field change meter.  Two channel flat plate 
antennae to observe impulse dE/dt signatures produced by 
discharge processes

Two High Energy Scintillator Packages

- iSTORM - In-Situ Thunderstorm Observatory for Radiation 
Monitoring

- UiB-BGO – Bismuth Germanium Oxide package built by 
University in Bergen.



ALOFT campaign July 2023

ALOFT campaign was an outstanding success!

Over 100 TGFs observed

Many hundreds of glow overpasses

New phenomenology previously unseen



Median peak = 5.5e-3
Peak peak = 4.8e-3

Median energy = 2.4e-06
Peak energy = 1.9e-6

Median peak = 9.9e-3
Peak peak = 7.5e-3

Median energy = 9.0e-06
Peak energy = 6.5e-6

early look at 2023 measurements…

- Peak radiance & pulse energy tends 
to be larger in 2023 (~3x 2017)

- Many more high energy outliers in 
2023

- Corresponding wider pulse widths 
in 2023

- Still investigating why…
- Calibration differences?

- Meteorological differences 
between tropical and mid-
latitude convection?

- Bias toward most intense 
convective cores in 2023?
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Lightning UV emission

Example 1

- 1 second sequence of pulses

- Temporally isolated discharge 
with exclusive UV emission

- Flash initiation observed in UV 
100 ms prior to broadband 
emission

- Important discharge processes 
completely invisible to NIR 
lightning imagers



Lightning UV emission

Example 2

- 400 ms sequence of pulses

- One pulse exclusive 337 nm 
emission & opposite polarity

- Electrostatic field-change 
producing UV emission 
comparable to broadband 
processes



Cube-Spark Mission CLIDE
CubeSat Lightning Imaging and Detection Experiment

- Global 3D mapping of thunderstorm charge structure
- 6 satellite – formation flight
- Combined VHF + optical lightning detection

- VHF antenna: Los Alamos National Labs
- Optical Sensor: Marshall Space Flight Center

- CMOS event detector
- Bi-spectral (337 + 777 nm)

- SNR in UV channel is significant challenge

CLIDE bi-spectral 
telescope concept

non-uniform source SNR 
modelling
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Primary Science Questions Moving Forward:

1. How do FEGS NIR observations differ between 2017 and 2023?  And why?
- calibration
- storm characteristics

2. What do ALOFT observations tell us about CLIDE performance requirements?
- combine with ASIM analysis
- ISS-LIS, GLM comparison

3. What new information is offered by 2023 spectral channels?
- process discrimination
- cloud scattering
- combine with EFCM, VLF, interferometer

4. How do FEGS optical measurements correlate to thunderstorm micro-physics?
- aircraft microwave + radar 
- ROSES - WADFA analysis



Thanks!



Fly’s Eye GLM Simulator

- Significant out-of-band contamination in 2017
- Mostly affected background cloud-top 

radiance reports
- Added rejection filter
- Flat black surface treatment

- Enabled nighttime observations
- Optimized dynamic range

- Version 3-beta pulse detection software

Improvements in 2023

a) 2017 configuration b) 2023 configuration

2017 2023

CWL (nm) species CWL (nm) species

340 N2 340 N2

400 NII 400 NII

500 NII 500 NII

660 H 660 H

675 N2 675 N2

780 OI 780 OI

870 NI

1600 multiple

400-1100 wideband 400-1100 wideband
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Single gamma-ray glow detected over 
Colorado in 2017

** Background **

Multifrequency optical observations of lightning with ISS-LIS and ASIM
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What are you doing?
Typically, optical emission from lightning detected from space has focused 

on one band, centered around 777 nm, e.g., Lightning Imaging Sensor 

(LIS) and the Geostationary Lightning Mapper (GLM). However, recent 

work suggests there is valuable information in other bands, namely near 

337 nm. The 337 nm (herein, the “blue” band) associated with second 

positive nitrogen is likely a result of a streamer-like processes, while the 

777 nm (herein, the “red” band) associated with atomic oxygen is likely a 

product of leader-like processes. Each band may provide more information 

about the optical emission of lightning than either alone.
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(Top) Overview of a single MMIA trigger. The top rows 

are the frames from the blue and red MMIA CHUs; the 

dashed lines are the perimeter of the group from this 

CHU, and the solid lines are the perimeter of the 

merged group. The second row includes the LIS 

events observed during each frame (yellow->red 

rectangles; low->high radiance. The third row is the 

“net flux” in each frame (see left). The bottom row is 

the MMIA photometer data (blue and red curves) for 

the trigger. Dashed vertical lines delineate the CHU 

frames. The gray rectangles are the ISS LIS groups 

observed; the height is proportional to the measured 

radiance. (Left) Scatter plot of MMIA group area for 

the same discharge in a frame.

How are you doing this?
To facilitate comparison with ISS-LIS, we took several processing steps 

with MMIA data:

1. Make MMIA groups: Estimate the background of a CHU frame (using 

the median flux value). Then, determine which pixels exceed the 

square root of the background by a factor of 5, which is an SNR of 5. 

Cluster these values into a group. We can also find “merged” groups - 

groups in a MMIA frame in which the blue groups overlap the red 

groups via a union of the areas. 

2. Find relative timing offset between MMIA and ISS LIS: Integrate LIS 

groups in time to build a “light” curve. Interpolate to match MMIA 

photometer cadence. Correlate to find relative timing offset. 

3. Find relative location offset between MMIA and ISS-LIS: After refining 

time, determine ISS LIS events that occur in a MMIA CHU frame. 

Spatially integrate events. Grid MMIA CHU frame and integrated ISS-

LIS to common grid, and perform a 2D correlation to find relative 

location offset.  

 

With the temporal and spatial offsets known, we can align MMIA and 

ISS LIS and readily compare the observations. 

What data are you using?
We compare two instruments on the International Space Station (ISS) 

dedicated to lightning research: the Modular Multispectral Imaging Array 

(MMIA), part of the Atmosphere-Space Interactions Monitor (ASIM), and 

the Lightning Imaging Sensor (ISS LIS). We utilize two months (June/July 

2019) of MMIA lightning optical emissions near two wavelengths: 337 nm 

and 777 nm. MMIA measures these emissions two ways: via a Camera 

Head Unit (CHU) and a photometer. The CHU yields spatially detailed 

observations of the optical emission in ~82 ms integrated frames, while the 

photometer yields temporally detailed observations at a 10 μs cadence.

MMIA Groups

Comparison with ISS-LIS 
In this flash, early optical 

emission is dominated in 

the blue wavelength and 

becomes redder as the 

flash progresses.

(Top) Scatter plot of ISS LIS groups and the corresponding 

MMIA groups. The red and merged groups tend to be 

larger than the ISS LIS groups, while there is no 

relationship with the blue groups. (Top right) Distribution of 

timing offset between LIS and MMIA. (Bottom right) Scatter 

and distribution of location offsets between LIS and MMIA. 

Num LIS Num MMIA DE

Blue Groups 360 445 0.809

Red Groups 363 414 0.877

Merged Groups 353 403 0.876

Take a frame from a MMIA 

trigger. As an example, take 

the fourth frame from the plot 

on the right. This frame has 

one blue group with an area of 

120 km2. The perimeter of the 

group is indicated by the 

dashed line. 

For the same frame, there is 

a red group with an area of 

150 km2. Again, the perimeter 

of the group is indicated by 

the dashed line. 

This plot shows the net 

signal (flux above 

background, blue-red) for the 

frame. The solid line shows 

the perimeter of the 

“merged” group, with an area 

of 196 km2. This illustrates 

the portions that have a 

higher signal in blue or red 

wavelengths.

Selected MMIA/ISS-LIS Examples

In this flash, blue 

emissions are consistently 

higher than the red 

emissions. There exists 

flashes in which the red 

emissions are higher than 

the blue emissions 

throughout the flash. 

This flash contains the 

characteristic ISS-LIS 

signature of continuing 

current. There is more 

emission in the red 

wavelength than the blue 

wavelength. 

Detection efficiency (DE) of ISS LIS relative 

to MMIA.
As expected, ISS LIS detection efficiency 
is higher for red groups than blue groups. 

The blue group (CHU 1) tends to be larger than 
the corresponding red group.

MMIA functions primarily at night; the analysis done herein contains 

only night time lightning. 

Highly successful Atmospheric Space 
Interactions Monitor (ASIM) mission on ISS.  
Launched 2018.

- MMIA (Modular Multispectral Imaging Array)
- Imagers

- 337 nm
- 777 nm

- photometers
- 180-230 nm 
- 337 nm
- 777 nm

- MXGS (modular x-ray and gamma-ray sensor)
- low energy detector

- 15 kEV 400 keV
- Pixelated + masked

- High energy detector
- 200 keV to 40 MeV


